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A PIEZO-ELECTRIC SPEAKER 
CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application claims priority to Japanese Patent Application Nos. 2002-248490 filed 
August 28, 2002 and 2003-119594 filed April 24, 2003, which applications are herein expressly 
incorporated by reference. 

FIELD OF THE INVENTION 
[0002] The present invention relates to a piezo-electric speaker using a piezo-electric member 

BACKGROUND OF THE INVENTION 
1 [0003] Prior art piezo-electric speakers have perfect circle piezo-electric members to generate a 

vibration in accordance with an electric signal applied to the member. Also, they include perfect 
circle piezo-electric vibration plates adhered to the piezo-electric member to convert the 
vibration to sound. The piezo-electric vibration plate has a uniform thickness and has a 
vibration center adapted to coincide with the center of the piezo-electric member (see Japanese 
Laid-open Patent Publication No. 22395/1994). 

[0004] In prior art piezo-electric speakers, however, since the piezo-electric vibration plates can 
vibrate but are made of a metallic material with less stretchability, when sound pressure is 
increased, no vibrating or a spurious vibration may be generated in some parts of the piezo- 
electric vibration plate. This causes a distortion, such as a crease generated during vibration, so 
that it is difficult to ensure uniform broad-band sound pressure. 
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SUMMARY OF THE INVENTION 
[0005] In view of the foregoing circumstances, it is an object of the present invention to provide 
a piezo-electric speaker capable of easily ensuring a uniform broad-band sound pressure and 
reproducing a large acoustic signal. 

[0006] In a first preferred embodiment, a piezo-electric member for generating vibration in 
accordance with an applied electric signal is adhered to a piezo-electric vibration plate which 
converts the vibration to sound. The thickness of the piezo-electric vibration plate is changed in 
accordance with the distance from the vibration center of the piezo-electric member. 
[0007] In a second preferred embodiment of the present invention, the thickness of the piezo- 
electric vibration plate is decreased in proportion to the distance from the vibration center of the 
piezo-electric member. 

[0008] In a third preferred embodiment of the present invention, the thickness of the piezo- 
electric vibration plate is uniform at a periphery of a portion connected to the piezo-electric 
member. 

[0009] In a fourth preferred embodiment of the present invention, the thickness of the piezo- 
electric vibration plate is smaller at a periphery of a portion connected to the piezo-electric 
member than that of the portion connected to the piezo-electric member. 

[0010] In a fifth preferred embodiment of the present invention, the piezo-electric vibration 
plate is divided into several arbitrary configurations and connected by the piezo-electric member. 
[0011] In a sixth preferred embodiment of the present invention, the piezo-electric member for 
generating vibration in accordance with an applied electric signal is adhered to the piezo-electric 
vibration plate which converts vibration to sound. The piezo-electric vibration plate is divided 
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into several arbitrary configurations. The thickness of each of the piezo-electric vibration plates 
is different from each other. 

[0012] In a seventh preferred embodiment of the present invention, an elastic member is adhered 
to a surface of each of the piezo-electric vibration plates on an opposite side of the piezo-electric 
member to provide uniformity to the thickness of each of the piezo-electric vibration plates. 
[0013] Further areas of applicability of the present invention will become apparent from the 
detailed description provided hereinafter. It should be understood that the detailed description 
and specific examples, while indicating the preferred embodiment of the invention, are intended 
for purposes of illustration only and are not intended to limit the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] The present invention will be described with reference to the accompanying drawings in 
which: 

[0015] Figs. 1(a) and 1(b) are a front view and a right side view, respectively, illustrating one 

preferred embodiment of a piezo-electric speaker according to the present invention; 

[0016] Figs. 2(a) and 2(b) are a front view and a right side view, respectively, illustrating a 

second preferred embodiment of a piezo-electric speaker according to the present invention; 

[0017] Figs. 3(a) and 3(b) are a front view and a right side view, respectively, illustrating a third 

preferred embodiment of a piezo-electric speaker according to the present invention with a 

thickness at a central portion and at a peripheral portion different from each other; 

[0018] Figs. 4(a) and 4(b) are a front view and a right side view, respectively, illustrating a 

fourth preferred embodiment of the piezo-electric speaker according to the present invention; 

[0019] Figs. 5(a) to 5(e) are cross-sectional views illustrating preferred embodiments of a piezo- 
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electric speaker according to the present invention; 

[0020] Figs. 6(a) and 6(b) are a front view and a right side view, respectively, illustrating a fifth 
preferred embodiment of a piezo-electric speaker according to the present invention, with the 
center of a piezo-electric member deviated from a piezo-electric vibration plate; 
[0021] Figs. 7(a) and 7(b) are a front view and a right side view, respectively, illustrating a sixth 
preferred embodiment of a piezo-electric speaker according to the present invention, with radii of 
eccentric arcs gradually increased; 

[0022] Figs. 8(a) to 8(c) are a front view and cross-sectional views, respectively, illustrating a 
seventh preferred embodiment of a piezo-electric speaker according to the present invention, 
with the center of the piezo-electric member deviated from that of the piezo-electric vibration 
plate; 

[0023] Figs. 9(a) and 9(b) are a front view and a right side view, respectively, illustrating an 
eighth preferred embodiment of a piezo-electric speaker according to the present invention, with 
a plurality of piezo-electric vibration plates having radii different from each other superposed in 
a plane and a thickness of the piezo-electric speaker at a central portion and at a peripheral 
portion are different from each other; and 

[0024] Fig. 10 is a graph illustrating the sound pressure characteristics of the piezo-electric 
speaker shown in Figs. 9(a) and 9(b). 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0025] The following description of the preferred embodiment(s) is merely exemplary in nature 
and is in no way intended to limit the invention, its application, or uses. 

[0026] A piezo-electric speaker 1 shown in Figs. 1(a) and 1(b) is connected to audio instruments 
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such as CD players or MD players for producing sound. The piezo-electric speaker 1 is 
constructed with a piezo-electric member 10 and a piezo-electric vibration plate 15. The piezo- 
electric member 10 is a disk made of piezo-electric ceramic for generating a mechanical 
distortion in accordance with electric signals. The piezo-electric vibration plate 15 is a metallic 
disk having a larger area than that of the piezo-electric member 10. Also, a central portion 15a of 
the piezo-electric vibration plate 15 has a somewhat larger area than that of the piezo-electric 
member 10. The central portion 15a is thicker than a peripheral portion 15b which is a 
peripheral region of the piezo-electric vibration plate 15. The peripheral portion 15b is formed 
such that the thickness is gradually decreased from the center of the piezo-electric vibration plate 
15 toward the periphery. 

[0027] The piezo-electric member 10 is adhered to the central portion 15a of the piezo-electric 
vibration plate 15 so that the piezo-electric vibration plate 15 can convert the mechanical 
distortion of the piezo-electric member 10 to an acoustic vibration. Incidentally, the piezo- 
electric vibration plate 15 is made of iron, copper, brass, stainless steel (SUS), titanium or the 
like as metallic material, carbon graphite or the like as carbon material, polyimide or the like as 
resin material, or a compound material in which boron or the like is vapor-deposited on the 
surface of one of the above-mentioned materials, and any other materials capable of propagating 
the acoustic vibration. 

[0028] A piezo-electric speaker 2 of a second embodiment is shown in Figs. 2(a) and 2(b). The 
speaker 2 has the same function as that of the piezo-electric speaker 1 and is constructed with a 
piezo-electric member 10 and a piezo-electric vibration plate 16. The piezo-electric vibration 
plate 16 has a metallic disk having a larger area than that of the piezo-electric member 10. Also, 
a central portion 16a of the piezo-electric vibration plate 16 has somewhat larger area than that of 
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the piezoelectric member 10 and is thicker than a peripheral portion 16b which is a peripheral 
region of the piezo-electric vibration plate 16. The peripheral portion 16b is formed such that the 
thickness decreases from the center of the piezo-electric vibration plate 16 toward the periphery. 
Particularly, in the area of the peripheral portion 16b that is right outside of the central portion 
16a, the thickness of the piezo-electric speaker varies as a parabolic shape. The piezo-electric 
vibration plate 16 is made of the same materials as that of the piezo-electric vibration plate 15. 
[0029] A piezo-electric speaker 3 of a third embodiment is shown in Figs. 3(a) and 3(b). The 
speaker 3 has the same function as that of the piezo-electric speaker 1. The piezo-electric 
speaker 3 includes the piezo-electric member 10 and a piezo-electric vibration plate 17. The 
piezo-electric vibration plate 17 is a metallic disk having a larger area than that of the piezo- 
electric member 10. Also, a central portion 17a of the piezo-electric vibration plate 17 has the 
same area as that of the piezo-electric member 10. The central portion 17a is thicker than a 
peripheral portion 17b. The piezo-electric member 10 is adhered to the central portion 17a of the 
piezo-electric vibration plate 17. Thus, the piezo-electric vibration plate 17 can convert the 
mechanical distortion of the piezo-electric member 10 to acoustic vibration. The piezo-electric 
vibration plate 17 is made from the same material as that of the piezo-electric vibration plate 15. 
[0030] A piezo-electric speaker 4 of a fourth embodiment is shown in Figs. 4(a) and 4(b). The 
speaker 4 has the same function as that of the piezo-electric speaker 1. The piezo-electric 
speaker 4 includes the piezo-electric member 10 and a piezo-electric vibration plate 18. The 
piezo-electric vibration plate 18 is a metallic disk having a larger area than that of the piezo- 
electric member 10. Also, a central portion 18a of the piezo-electric vibration plate 18 has the 
same area as that of the piezo-electric member 10. The central portion 18a is thicker than a 
peripheral portion 18b. A sloping portion 18c is provided between the central portion 18a and 
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the peripheral portion 18b. The thickness of the piezo-electric vibration plate 18 is gradually 
decreased. The sloping portion 18c of the piezo-electric vibration plate 18 is shaped so that the 
thickness would linearly vary, however, the shape of the sloping portion 18c is not limited. For 
example, the thickness of the piezo-electric vibration plate 18 may vary in a parabolic shape 
provided that the thickness decreases toward the periphery of the piezo-electric vibration plate 
18. The piezo-electric member 10 is adhered to the central portion 18a of the piezo-electric 
vibration plate 18. Thus, the piezo-electric vibration plate 18 can convert the mechanical 
distortion of the piezo-electric member 10 to acoustic vibration. The piezo-electric vibration 
plate 18 is made from the same material as that of the piezo-electric vibration plate 15. 
[0031] The above-described piezo-electric speakers 1 to 4 are structured so that the vibration 
center of the piezo-electric member 10 can be situated at the center of each of the piezo-electric 
vibration plates 15 to 18. This propagates the vibration of the piezo-electric member 10 from the 
center of each of the piezo-electric vibration plates 15 to 18 to their peripheries. 
[0032] In prior art piezo-electric speakers, they have a uniform thickness of the piezo-electric 
vibration plate. Thus, it was easy to reproduce a high-pitched sound range depending on a 
vibration of the central portion of the piezo-electric member. Since sound pressures decrease in a 
low-pitched sound range, they require a larger vibrating surface. Thus, it was difficult to 
reproduce the low-pitched sound range. Accordingly, in order to reproduce a broad range of 
sound from the high-pitched sound to the low-pitched sound, it is essential to vibrate the entire 
piezo-electric vibration plate. Thus, it was required to reduce the thickness of the piezo-electric 
vibration plate. However, when a larger signal is applied in order to raise sound pressure, the 
piezo-electric vibration plate generates an excess vibration, such as a second-order vibration or a 
third-order vibration, which deteriorates sound quality. In this case, when the thickness of the 
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piezo-electric vibration plate was increased in order to suppress the excess vibration of the 
second-order vibration, third-order vibration and the like of the piezo-electric vibration plate, the 
piezo-electric vibration plate grew stiff. Thus, the entire piezo-electric vibration plate could not 
be easily vibrated and the low-pitched sound range was hard to reproduce. 
[0033] Therefore, as shown in the piezo-electric speakers 1 to 4, in order to reproduce sounds 
from a high-pitched sound range to a low-pitched sound range, even when the thickness of the 
piezo-electric vibration plates 15 to 18 are increased, the thickness of the piezo-electric vibration 
plates are thick at their central portions 15a to 18a, close to the piezo-electrical member 10, and 
gradually decreased toward the peripheries of the piezo-electric vibration plates (peripheral 
portions 15b and 16b). Alternatively, the thickness at the peripheries of the piezo-electric 
vibration plates are larger compared with those of the central portions 17a and 18a (peripheral 
portions 17b and 18b). Accordingly, the piezo-electric speakers 1 to 4 where excess vibrations 
such as the second-order vibration and the third-order vibration cannot be easily generated when 
a larger signal is applied and also the piezo-electric vibration plates 15 to 18 can vibrate as a 
whole. Also, the thickness of the portions of the piezo-electric vibration plates 15 to 18 
connected to the piezo-electric member 10 (central portions 15a to 18a) are larger compared with 
those of the peripheral portions 15b to 18b, so that the vibration of the piezo-electric member 10 
can be certainly propagated to the piezo-electric vibration plates 15 to 18. 
[0034] In addition, when the thickness of the piezo-electric vibration plates 15 and 16 is 
decreased in proportion to the distance from the central portion 15a (the center of vibration of the 
piezo-electric member 10), the thinnest portions of the piezo-electric vibration plates 15 and 16 
are at their peripheral ends. Thus, the piezo-electric vibration plates 15 and 16 can easily move 
up and down from the center toward their peripheral ends. This enables the piezo-electric 
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vibration plates 15 and 16 to easily vibrate as a whole. Accordingly, the speakers 1-4 obtain a 
broad sound range from the high-pitched sound range to the low-pitched sound range even when 
a larger signal is applied. 

[0035] Note that, the shape relating to the thickness of the piezo-electric vibration plate is not 
limited to those shown in Figs. 1(a) to 4(b). The shape may be of any type provided that a 
uniform broad-band sound pressure can be ensured. As a concrete example, some are ones 
shown in Figs. 5(a) to 5(e). A piezo-electric vibration plate 21 of Fig. 5(a) is in the form of two 
piezo-electric vibration plates 15 and 15 adhered to each other. A piezo-electric vibration plate 
22 of Fig. 5(b) is in the form of the piezo-electric vibration plate 15 adhered to a conical piezo- 
electric vibration plate. A piezo-electric vibration plate 23 of Fig. 5(c) includes a cone whose top 
is adhered to a piezo-electric member 11, A piezo-electric vibration plate 24 of Fig. 5(d) has a 
cone whose bottom is adhered to a piezo-electric member 12. A piezo-electric vibration plate 25 
of Fig. 5(e) is in the form of two conical piezo-electric vibration plates adhered to each other. 
[0036] Figs. 6(a) and 6(b) are a front view and a right side view, respectively, illustrating a 
piezo-electric speaker 5. The center of the piezo-electric member 10 is positioned at a position 
deviated from the center of a piezo-electric vibration plate 19. In the piezo-electric speaker 5, 
the configuration of the piezo-electric member 10 and the piezo-electric vibration plate 19 are 
perfectly circular. The piezo-electric member 10 is adhered to the piezo-electric vibration plate 
19 such that the center of the piezo-electric member 10 is positioned at a position slightly 
deviated in the upper right direction from the center of the piezo-electric vibration plate 19. The 
piezo-electric vibration plate 19 is divided into six parts by lines radiating from the center of 
vibration of the piezo-electric member 10. The divided piezo-electric vibration plates 19a to 19f 
are maintained perfectly circular by the piezo-electric member 10. Also, the piezo-electric 
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vibration plate 19 is formed such that the thickness is gradually decreased toward the periphery 
of the piezo-electric vibration plate 19. 

[0037] Figs. 7(a) and 7(b) are a front view and a right side view, respectively, illustrating a 
piezo-electric speaker 6. The periphery of the speaker 6 is formed by a gradually increasing 
radius. The piezo-electric speaker 6 includes piezo-electric vibration plates 20a to 20i with 
eccentric arcs. A piezo-electric vibration plate 20j forms an auxiliary movable region by 
connecting an outer end of a longest radius to an outer end of a shortest radius forming a 
predetermined depression angle. In more concrete terms for the radii of the piezo-electric 
vibration plates 20a to 20i, a radius of the piezo-electric vibration plate 20a is shortest and the 
radius gradually increases toward the piezo-electric vibration plate 20i. The piezo-electric 
vibration plates 20a to 20j are radially divided parts and are adhered in a disk form by the piezo- 
electric member 10. Also, the piezo-electric vibration plates 20a to 20j are formed such that their 
thickness gradually decrease toward their peripheries. 

[0038] In the piezo-electric speakers 5 and 6, since the thickness of the piezo-electric vibration 
plates gradually decrease toward their peripheries the same way as in the piezo-electric speakers 
1 and 2, it is possible to ensure uniform broad-band sound pressures. Furthermore, since a piezo- 
electric vibration plate is divided into several parts, distortion cannot be easily generated and 
vibration can be efficiently propagated from the center of the piezo-electric member 10 toward 
the peripheries of the piezo-electric vibration plates. Thus, it is possible to ensure uniform 
broad-band sound pressures. Also, in the piezo-electric speaker 6, since the distance from the 
center of vibration to the periphery of each of the vibration plates is not constant and many 
number of resonance points can be formed, it is possible to ensure uniform broad-band sound 
pressures without suffering a remarkable increase or decrease of the sound pressure at particular 
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frequencies. 

[0039] In a piezo-electric speaker 7 shown in Figs. 8(a) and 8(b), the configurations of a piezo- 
electric member 13 and a piezo-electric vibration plate 27 are perfectly circular in the same way 
as in the piezo-electric speaker 5. The piezo-electric member 13 is adhered to the piezo-electric 
vibration plate 27 such that the center of the piezo-electric member 13 is positioned at a position 
slightly deviated in the right direction from the center of the piezo-electric vibration plate 27. 
The piezo-electric vibration plate 27 is divided into six parts by lines radiating from the center of 
vibration of the piezo-electric member 13. The divided piezo-electric vibration plates 27a to 27f 
are maintained perfectly circular by the piezo-electric member 13. 

[0040] Also, the piezo-electric vibration plates 27a to 27f have different thickness with respect 
to each other (Fig. 8(b)). An uneven surface on an opposite side of the piezo-electric vibration 
plates adhered to the piezo-electric member 13 arises due to the variation of the thickness of the 
piezo-electric vibration plates 27a to 27f. An elastic member 30 is adhered to a thin piezo- 
electric vibration plate, such as 27e, in order to compensate for the thickness to flatten the 
surface. The thickness of the piezo-electric vibration plates are uniformed as explained above, 
which makes the strength of each of the vibration plates uniform. This improves the strength of 
the piezo-electric vibration plates. Also, since the thickness of the piezo-electric vibration plates 
27a to 27f are changed individually, a vibration amplitude of a reproduced frequency by each of 
the piezo-electric vibration plates can be adjusted. This ensures a uniform broad-band sound 
pressure and reproducing a large acoustic signal. 

[0041] Note that the elastic member 30 should be high in the modulus of elasticity and light in 
weight for an efficient propagation of acoustic vibrations. A material having a small internal loss 
for vibrations and a high vibration propagating speed of acoustic vibrations is suitable for the 
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elastic member 30. In concrete terms, various materials such as elastic rubber, 
polyvinylchloride, cellulose fibrous paper, polyacetal fibrous sheet, carbon fiber sheet, Kepler 
fiber sheet, elastic polyethylene, elastic polyester, and the like can be employed for the elastic 
member 30. 

[0042] Also, as shown in Fig. 8(c), the elastic member 30 may be structured by adhering a 
plurality of elastic members such as 31 and 32 to each other, instead of a single elastic member. 
Also, the peripheries of the elastic members 31 and 32 can be fan-shaped in a stair or in a slope. 
[0043] As shown in Figs. 9(a) and 9(b), the piezo-electric vibration plate may be constructed by 
laminating a plurality of disks having different sizes from each other into a single piezo-electric 
vibration plate. In Figs. 9(a) and 9(b), a piezo-electric vibration plate 28 has six laminated disks 
with different diameters. The upper five disks are perfect circles and their centers coincide with 
each other. A lowermost disk 28a forms a perfect circle whose center is deviated from that of the 
upper five disks. A piezo-electric member 14 formed as a perfect circle is adhered to the top 
surface of an uppermost disk 28b. The piezo-electric member 14 is positioned so that the 
vibration centers of the piezo-electric member 14 and the disk 28b coincide with each other. In 
addition, the diameters of the disks are larger from the top to the bottom of the disks. 
Accordingly, the thickness of the piezo-electric vibration plate 28 is decreased according to the 
distance from the vibration center of the piezo-electric member 14. Also, the piezo-electric 
vibration plate 28 has six slits radiating from the vibration center of the piezo-electric member 
14. 

[0044] Fig. 10 is a graph illustrating the sound pressure characteristics of the piezo-electric 
speaker 8 shown in Figs. 9(a) and 9(b). In the piezo-electric speaker 8, the diameter of the disk 
28a is 100 mm and the diameters of the other disks from the top to the bottom are 50 mm, 56 
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mm, 62 mm, 68 mm and 74 mm. Each of the disks is made of stainless steel having a thickness 
of 0.1 mm. The diameter of the piezo-electric member 14 is 50 mm. As is obvious from Fig. 10, 
the piezo-electric speaker 8 has the sound pressure characteristics of a uniform broad-band. 
When compared to a prior art piezo-electric speaker, where it is difficult to ensure a uniform 
broad-band sound pressure, since the thickness of the piezo-electric vibration plate 28 is changed 
in accordance with the distance from the vibration center of the piezo-electric member 14, the 
amplitude of vibration is adjusted in accordance with the distance, thus obviously ensuring a 
uniform broad-band sound pressure. 

[0045] The piezo-electric speaker 8 shown in Figs. 9(a) and 9(b) has a plurality of disks with 
different radii superimposed onto each other. This easily varies the thickness of the piezo- 
electric vibration plate 28. In addition, the thickness of each of the disks is varied, thus easily 
realizing an optimum configuration of the piezo-electric vibration plate using an arbitrary 
combination. 

[0046] According to the first preferred embodiment, since the thickness of the piezo-electric 
vibration plate is changed in accordance with the distance from the vibration center of the piezo- 
electric member, the amplitude of vibration can be adjusted in accordance with the distance. 
This ensures a uniform broad-band sound pressure and reproduces a large acoustic signal. 
[0047] According to the second preferred embodiment, since the thickness of the piezo-electric 
vibration plate is decreased in proportion to the distance from the vibration center of the piezo- 
electric member, the piezo-electric vibration plate can easily vibrate from the center of the piezo- 
electric vibration plate toward the periphery. This easily enables the piezo-electric vibration plate 
to vibrate as a whole, and ensures a uniform broad-band sound pressure. 

[0048] According to the third preferred embodiment, since the thickness of the piezo-electric 
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vibration plate is uniform at a periphery of a portion connected to the piezo-electric member, the 
piezo-electric vibration plate can uniformly receive the vibration of the piezo-electric member. 
This ensures a uniform broad-band sound pressure. 

[0049] According to the fourth preferred embodiment, since the thickness of the piezo-electric 
vibration plate is smaller at the periphery of the portion connected to the piezo-electric member 
than that of the portion connected to the piezo-electric member, the piezo-electric vibration plate 
can easily vibrate due to the small thickness while certainly receiving the vibration of the piezo- 
electric member. This ensures a uniform broad-band sound pressure. 

[0050] According to the fifth preferred embodiment, since the piezo-electric vibration plate is 
divided into several arbitrary configurations and connected by the piezo-electric member, 
distortion is hardly generated. This ensures a further uniform broad-band sound pressure. 
[0051] According to the sixth preferred embodiment, since the thickness of each of the piezo- 
electric vibration plates divided into arbitrary configurations varies, a vibration amplitude of a 
reproduced frequency of each of the piezo-electric vibration plates can be adjusted. This easily 
ensures uniform broad-band sound pressures and reproduces a large acoustic signal. 
[0052] According to the seventh preferred embodiment, since the elastic member is adhered to 
each of the piezo-electric vibration plates to provide a uniform thickness of each of the piezo- 
electric vibration plates, the strengths of the vibration plates can be uniform. This improves the 
strength of the piezo-electric vibration plates. 

[0053] The description of the invention is merely exemplary in nature and, thus, variations that 
do not depart from the gist of the invention are intended to be within the scope of the invention. 
Such variations are not to be regarded as a departure from the spirit and scope of the invention. 
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